All strains of Erwinia amylovora characterized carry a medium-size plasmid of 29 kilobases (pEA29). We mapped this plasmid with various restriction enzymes, cloned the whole DNA into an Escherichia coli plasmid, and subcloned restriction fragments. These DNA species were used for identification of E. amylovora after handling of strains in the laboratory and also in field isolates. About 70 strains of E. amylovora and 24 strains from nine other species, mainly found in plant habitats, were checked in a colony hybridization test. Virulent and avirulent E. amylovora strains reacted positively, whereas the other species were negative. Apart from the hybridization assay, the positive strains were additionally tested for ooze production on rich agar with 5% sucrose and on immature-pear slices. Unspecific background hybridization of non-E. amylovora strains found for hybridization with the whole E. amylovora plasmid was almost eliminated when a 5-kilobase Sail fragment from pEA29 was used as a probe and when the washes after the hybridization procedure were done with high stringency. Under these conditions, E. amylovora could be readily identified from field isolates.
Erwinia amylovora is the causative agent of fireblight, a disease of pomaceous plants and other members of the family Rosaceae. Control of the disease relies on unambiguous identification of the pathogen. Symptoms of other plant diseases might be mistaken for those of fireblight (7, 16) . With the exception of antibiotics, which are not allowed in most Western European countries, no compound has been successfully used to control fireblight. Pruning measures and eradication of trees invaded by the bacteria are the main procedures to fight spreading of E. amylovora in orchards.
Current methods to identify E. amylovora use semiselective nutrients like MS medium (11) or NSA medium (7) . A disadvantage of these methods is cocultivation of other plant-associated bacteria. E. herbicola occasionally has colony morphology similar to that of E. amylovora on MSmedium, and Pseudomonas syringae and other pseudomonads may resemble E. amylovora on NSA medium. Also, colony color and fluorescence are not always indicative for the latter organisms.
Selection on agar can be combined with serological tests to identify E. amylovora (7) . Polyclonal antibodies usually show cross-reaction with other bacteria, including E. herbicola and P. syringae, which share common epitopes (12) . Preparation of monoclonal antibodies depends on special laboratory skills and tedious screening for efficient clones, but when specific cell lines have been established good results are obtained (8) .
Testing the pathogenicity of E. amylovora on pear slices or shoots is limited for practical use by the prolonged duration of the assay and the availability of suitable plants or plant tissue.
Here we describe the identification of E. amylovora by colony hybridization with 32P-labeled DNA from plasmid pEA29. This plasmid was mapped and characterized for occurrence of homology in other plant-pathogenic bacteria. It was found to be specific for E. amylovora and did not * Corresponding author.
cross-react with DNAs from other bacteria. Unspecific background of colonies of some plant-associated bacteria was minimized by the use of a small DNA fragment as a probe and stringent washing of the filters. The method can be used for identification of E. amylovora in field isolates.
MATERIALS AND METHODS
Bacterial strains. All of the strains used that were from laboratory stocks are listed in Table 1 . They were grown for colony hybridization on Standard II agar (E. Merck AG, Darmstadt, Federal Republic of Germany). For induction of slime production, the agar was further supplemented with 5% sucrose.
Field isolates. Field isolates of plant-pathogenic bacteria from pear trees and hawthorn plants were obtained locally. About 1 g of plant material from branches, leaves, or fruits was suspended in 20 ml of isotonic NaCl solution. After being shaken for 1 h, the solution was diluted in steps and plated, and the plates were incubated overnight.
Plasmids. Plasmids were prepared by standard procedures (9) and transformed into Escherichia coli (1) . Cosmid pHC79 (4) and plasmids pBGS18 (14) and pEA29 isolated from E. amylovora Ea7/74 were cleaved with appropriate restriction enzymes and ligated. For nick translation, about 0.5 ,ug of DNA was incubated with DNA polymerase I and [a-32P]dCTP. The specific radioactivity of the probe was about 108 cpm/,Lg of DNA.
Hybridization. Hybridization was done as described in published procedures for Southern blotting (13) and for colonies transferred to nitrocellulose filters (9) . The filters were finally washed sequentially at 65°C for 30 min each time in 1, 0.1, and 0.01x SSC (lx SSC is 0.15 M NaCl plus 0.015 M sodium citrate).
RESULTS
Physical characterization of the 29-kb E. amylovora plasmid. Plasmid pEA29 was isolated from E. amylovora Ea7/74 cloning it into a multicopy E. coli plasmid. In the course of investigations described here, we inserted pEA29 into cosmid pHC79 and the 5-kb Sall fragment into the pBR plasmid pBGS18.
For cloning the whole plasmid, pEA29 and pHC79 were cleaved with BamnHI, ligated together, and packaged in vitro with a phage X packing extract. Ampicillin-resistant colonies were analyzed for insertion of pEA29. The resulting plasmid, pHC79-29, did not grow in E. coli polA strains. This indicated either that plasmid pEA29 has no replication origin active in E. coli or inactivation of its origin occurred by the BamHI insertion. We also cloned the Sall fragment of 5 kb into the E. coli plasmid. The E. amylovoora plasmid and plasmid pBGS18 were cleaved with enzyme Sall and ligated. A clone with 5-kb insertion was selected in strain TG1 and named pBGS18-5. This plasmid has a high copy number in E. coli, in contrast to the medium-to-low copy number of cosmid pHC79-29 and the low copy number of pEA29.
Colony hybridization of plant-associated bacteria. Plasmids pEA29, pHC79-29, and especially pBGS18-5 ( Fig. 2) some strains that cross-reacted in colony hybridization and assayed them with DNA dot blots. No signal was obtained when DNA from E. herbicola was applied, but DNAs from three E. amylovora strains gave strong hybridization with pBGS18-5.
Identification of E. amylovora field isolates. Samples from five pear trees and three hawthorn plants were drawn. Bacteria were isolated from two parts of each plant (leaf, shoot, or fruit). The colonies, which were positive in colony hybridization, were also assayed on pear slices and plated on agar with 5% sucrose. The formation of ooze confirmed the results from hybridization of the bacterial colonies.
DISCUSSION
All naturally isolated E. amylovora strains carry a 29-kb plasmid. We mapped this DNA with various restriction enzymes. Its size corresponds to published molecular weights for a plasmid observed in E. amylovora (6, 10; Shoeib, Ph.D. thesis). Since it was found in all of the E. a Groups are defined in Table 2 . All group A strains were identified before as fireblight pathogens with conventional methods, including ooze production on immature pears. Hybridization was done for two colonies with labeled probe pBGS18-5. Slime production was measured on Standard It agar with 5% sucrose after incubation at 28'C for 3 days.
b Except strain E8. C Positive strains were predominantly P. syringae. 
